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Objectives 

CAM5 

M-PACE vs. ISDAC 

•  Evaluate cloud microphysics schemes in NCAR 
Community Atmospheric Model version 5 (CAM5) 
with ARM M-PACE and ISDAC data 

•  Investigate effects of ice nuclei (IN) parameterization 
on mixed-phase clouds and climate forcing in CAM5 

• New Physics: MG cloud microphysics; PNNL modal 
aerosol module (MAM); UW shallow cumulus and 
cloud macrophysics; RRTM radiation. 

•  Test CAM5 (camdev32_cam3_6_57) under DOE 
CCPP-ARM Parameterization Testbed (CAPT) and 
under single column model (SCM) 

•  Test different IN parameterizations:  
  Liu-CNTL: Meyers et al. (1992)’s 
  Liu-Phillips: Philips et al. (2008)’s 
  Liu-DeMott: DeMott et al. (2009)’s 

• M-PACE: The ARM NSA Mixed-Phase Arctic Cloud 
Experiment in October, 2004 (Arctic clean season)  

•  ISDAC: Indirect and Semi-Direct Aerosol Campaign 
and ISDAC in April, 2008 (Arctic polluted season) 

• ARM data:  Cloud fraction – ARSCL; Radar/lidar 
retrievals; in-situ aircraft 

LWC IWC 

IWC 

Cloud Cover 

LWC 

Cloud Cover 

LWC IWC 

Meyers et al. 

-90 
-80 
-70 
-60 
-50 
-40 
-30 
-20 
-10 

0 

-90 -60 -30 0 30 60 90 

S
ho

rtw
av

e 
C

lo
ud

 F
or

ci
ng

 (W
 

m
-2

) 

Latitude 

ERBE 
CERES-2 
CAM (Meyers) 
CAM (DeMott) 
CAM (Phillips) 

20 

30 

40 

50 

60 

70 

80 

90 

100 

-90 -60 -30 0 30 60 90 

To
ta

l C
lo

ud
 C

ov
er

 (%
)  

Latitude 

ISCCP D2 
CAM (Meyers) 
CAM (DeMott) 
CAM (Phillips) 

0 

50 

100 

150 

-90 -60 -30 0 30 60 90 To
ta

l C
lo

ud
 L

iq
ui

d 
W

at
er

 P
at

h 
(g

 m
-2

)  

Latitude 

SSM/I (Weng & Grody) 
SSM/I (Greenwald) 
CAM (Meyers, ocean) 
CAM (DeMott, ocean) 
CAM (Phillips, ocean) 

0 

10 

20 

30 

-90 -60 -30 0 30 60 90 To
ta

l C
lo

ud
 Ic

e 
W

at
er

 P
at

h 
(g

 
m

-2
)  

Latitude 

CAM (Meyers) 
CAM (DeMott) 
CAM (Phillips) 

ΔCF = -1.4 W/m2 

Conclusions 
•  CAM5 successfully reproduces mixed-phase cloud 

microphysics structures in the Arctic. Predicted 
liquid amount is too small and total ice amount is 
dominated by snow. 

•  IN number can significantly impact mixed-phase 
cloud microphysics, cloud radiative forcing and 
global climate. 

CAPT Testing of M-PACE 
Liquid/ice partitioning in single-
layer mixed-phase clouds  

Liquid mass 
fraction as a 
function of 
normalized 
heights in clouds 
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Climate Forcing with CAM5 

IN in mixed-
phase clouds 
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Radiative Fluxes at Barrow (ARM) 
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Global annual means 

Comparison with measurements 
Liu-CNTL Liu-Phillips Liu-DeMott Observation 

LWC (g/m3) 0.175-0.2 0.175-0.275 0.2-0.275 0.175±0.120; 
0.154±0.116 

IWC (g/m3) 0.002-0.01 0.002-0.006 0.001-0.004 0.015±0.032; 
0.006±0.006 

Ni (L-1) 1-5 0.1-0.2 0.05 0.16 (CFDC) 

Nl (cm-3) 30-50 30-50 30-50 30-40 


